and bone and became a most unsuitable organ with which to drive an artificial limb. Another difficulty with the old type leg was that of obtaining a correct alignment of the uniaxial artificial joints in relation to the human knee, which is a polycentric hinge joint.
Many ways have been tried to overcome this problem but none have met with complete success. The PTB leg was developed on the following principles. The socket should, as far as possible, be made a total contact fit with certain areas accentuated to increase the pressure and so carry the load of the body weight. The most important of these areas is that opposite the patellar tendon between the inferior pole of the patella above and the tibial tubercle below. The skin over the patellar tendon is skin adapted by nature to withstand pressure for it is the skin that a person kneels on. Other areas used to carry weight are under the flare of the medial tibial condyle and posteriorly over the calf musculature under the posterior flare of both tibial condyles. There are no side steels or thigh corset to convey stability so that this now has to be provided by the fit of the stump in the socket. The most important areas of the socket that have to be modified for this purpose are the lateral wall over the shaft of the fibula, the posterior wall and the areas each side of the tibial crest.
The normal method of suspending the leg on the patient is by means of a simple soft leather above-knee cuff, with two diagonal straps that connect it to the artificial limb below. The weight is carried on the front of the thigh just above the upper pole of the patella. With women patients it has been found possible to dispense with the cuff and to use an elastic stocking which is pulled up over the limb on to the patient's thigh to be clipped to her stocking suspenders. This forms a comfortable suspension, and makes a good cosmetic cover for the leg.
To manage the prosthesis properly the patient must use his thigh muscles and knee normally with the result that there is hypertrophy of these muscles and a consequent increase in their vascular bed which, together with the fact that there is no thigh corset to act as a tourniquet, is an important factor in favour of using the PTB leg in cases of below-knee amputation for vascular insufficiency. Cosmetically the leg has much to offer both because of the absence of accessory parts and because of the natural type of gait pattern that can be achieved.
Certain points must be considered when deciding whether a patient will be able to use this new type of limb: (1) If the stump is too short then the patient will not be able to control the limb safely.
(2) The shortest stump that will be a success is one with 3 in. of tibial shaft remaining distal to the point of insertion of the medial hamstring tendons. (3) All lengths of below-knee stump beyond this can be fitted, though normally a minimum clearance of 6 in. between the end of the stump and the floor is required to allow the use of an alignment coupling during the fitting of the leg. (4) An unstable knee, a painful arthritic knee, bad skin or scars on the stump over areas required for weight bearing or stability, anwsthetic stumps, and very weak quadriceps (e.g. due to poliomyelitis) are examples of contraindications to fitting a PTB leg.
Unless there is a definite contraindication it is now the policy to try to fit all fresh cases of below-knee amputation with the new type of limb.
For the programme to be a success it is most important that all new cases of below-knee amputation have an energetic course of postoperative physiotherapy directed to the whole patient and in particular to maintaining and building up the thigh musculature on the amputation side. This programme must be continued right up to the time of delivery of a prosthesis. In addition to new cases, all existing wearers of below-knee prostheses in this country will, in due course, be given the opportunity of converting to the new type of limb. The PTB leg is now accepted throughout the world as one of the major advances in prosthetics. 
REFERENCES

Control Methods for Powered Prostheses
The provision of external power for prostheses and ortheses, either by pneumatic motors and cylinders of compressed carbon dioxide or by electric motors and batteries, is now an accepted clinical technique. One of the most difficult problems in fitting such devices, however, is to find a method of control for each movement which is independent of other voluntary movements or of movements of the prosthesis relative to the body. Available Control Sites Fortunately for the amputee, the upper limb is endowed with a number of movements such as shrugging and hunching of the shoulders which are apparently purposeless except perhaps for the expression of emotion. These are independent of other arm movements except at extremes of their range, and may be used to operate cables, switches or pneumatic valves. In partial brachial plexus cases where upper arm movement is lost it becomes apparent that five independently moving fingers are more than is necessary and one or more may be employed to control powered movements of the upper arm.
Another control site which has received some attention in the last few years is that of muscles which remain in the stumps of amputees, but are no longer connected to the missing extremity. Some success has been achieved in this direction at Heidelberg by using muscle bulge to actuate pneumatic valves, but the method is susceptible to artifacts due to movement of the socket on the stump. The same muscles may be employed for control purposes by using the myo-electric potentials from surface electrodes over them. Difficulties may arise here, however, due to the interference of signals from neighbouring or even opposing muscles; but these may be dealt with by suitable processing.
Myo-electric control could also be applied to patients paralysed by diseases such as poliomyelitis, where there are muscles in which a myoelectric signal may still be picked up although power is insufficient for useful movement. introduced to this country from the USSR (Polyan & Ezov 1963) . Electrical activity is picked up from a pair of electrodes over the flexor muscles of the forearm and from a similar pair over the extensors. When electrical activity in the flexor group rises above a set level, a switch is operated which causes the motor to close the fingers. Grip is maintained by using a non-reversing screw drive and to relax the grip or open the hand the extensor muscles must be contracted. On/off control like this does not permit accurately graded movement, but some adjustment of grip may be achieved by varying the duration of effort. Similar systems have been described by Horn (1963) and Scott & Thompson (1964) .
Although patients are able to use on/off systems successfully, performance may be improved by providing devices capable of proportional graded output, such as the Hendon pneumatic valve (Wilson 1965) . However, no matter how much the performance of the valve and motor is improved, the patient equipped with a simple combination of switch or valve and motor still has to learn how the system behaves. He has to turn the valve on, wait till the desired effect is obtained and then turn it off. Furthermore, in contrast with the orthodox cable operated system he has no sensory feedback either of force or position.
Automatic Control ofPowered Prostheses Normally we do not have to think consciously about the performance of our muscles; the job is done at a lower level in the central nervous system. The same relief of conscious control may be achieved in a powered orthesis or prosthesis by the use of feedback within the control system giving automatic control of the motor. The part of Fig 2 above the broken line shows a block diagram of a control system recently developed at the MRC Unit at Hendon and applied to a polio patient. This patient had useful movements of both hands, but severely paralysed upper arms, a situation fairly common in chronic poliomyelitis. Movement of one arm is controlled by the fingers of the other hand. A simple position servo is used, so that the patient merely has to move the finger to a position corresponding to that required of the other arm. Independent movements in the sideways and forward/backward direction were provided, controlled by thumb and second finger respectively. Sensation is usually normal in poliomyelitis patients, so that it was unnecessary to provide any sensory feedback. Below the broken line in Fig 2 is shown the rest of a hypothetical control system which would probably be ideal for a phocomelic patient. Since a position servo is used, he would be able to deduce the position of the artificial arm from the position of the controlling finger. The system is completed by measuring the force exerted by the prosthesis and feeding this back against the finger used for control. In this way the subject could be given a 'model', both sensory and motor, of the artificial arm.
The performance of a myo-electric system may be improved in the same way by the use of feedback. Fig 3 shows a block diagram of the myo-electric control system developed by the MRC and St Thomas's Hospital for an electric hand for below-elbow amputees. Electrodes are applied in the same way as in the Russian system but allowance is made for the interference of signals from opposing muscles (referred to above) by taking the difference in intensity of the opposing groups as the control signal. Both force and velocity feedback are used, so that by the strength of his effort the subject may vary speed of movement before and force of grip after he has grasped an object. He is of course aware of the force he is producing though not necessarily of the position of the fingers. This has been remedied by fitting a spring to oppose opening of the hand and mimic the elastic properties of the normal hand, so that progressively increased effort is required to achieve wider opening, before an object is grasped.
Automatic Control at a Higher Level When a normal subject stretches out his hand to grasp an object, the entire operation is performed without any conscious control of individual muscles. In the first place many muscles and joints act together to perform a composite movement, and in the second place the hand adapts itself to the shape of the object to be grasped.
The idea ofa composite programmed movement is used in the Case research arm aid (Bahniuk et al. 1963) . This is an orthotic device designed for quadriplegics, in which each of the joints in the arm is provided with a motor and a position sensor. The device is connected to a computer tape memory in which a number of composite movements are first stored while the device is fitted to a normal subject. When the paralysed subject selects the required action by shining a beam from a light attached to his head on to a light sensitive cell, the computer first searches the store for the required movement and then reproduces the composite pattern of movement with the subject's arm.
An artificial hand with adaptation to the shape of the object grasped has been introduced by Tomovic of Belgrade (see Rakic 1963) . It is provided with pressure sensors in the finger tips.
If these are touched first, the thumb is opposed and a 'pinch' grip produced, as in grasping a pencil. Another set of pressure sensors in the palm produces a grip with the thumb unopposed, as in grasping the handle of a suitcase. The device is further adaptive in that the movement of the fingers is 'shared' mechanically so that they tend to wrap around the object grasped. As far as I am aware muscle bulge is used at present to initiate and control the grip, though since the system is electrically powered myo-electric control would seem to be preferable.
